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Abstract 7 
Purpose: We conducted a retroactive analysis of teacher and student data from two randomized 8 
group trials and one well-controlled quasi-experimental group trial focused on improving 9 
pedagogical content knowledge (PCK) and student performance. 10 
Method: Seven teachers and 32 classes were investigated. PCK was measured using four 11 
variables: task selection, representation, adaption, and an aggregate variable called total PCK. 12 
Student data are reported as percentages of correct performance. Data are reported descriptively 13 
using effect sizes (ES).   14 
Results: The studies generated 35 ES across four teachers and one student performance variable. 15 
All ES exceeded the U.S. Department of Education’s What Works Clearinghouse .25 standard 16 
deviation criterion for a “substantively important” effect and all ES exceeded Cohen’s criteria 17 
of .8 for a large effect.  18 
Discussion: Findings from this study support a focus on professional development of teachers’ 19 
content knowledge as an evidenced-based practice for improving the PCK of teachers and in turn 20 
student performance. 21 
 22 
KEY WORDS, Intervention studies, Professional knowledge, Physical Education   23 
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Unpacking Content in Pedagogical Content Knowledge: A Synthesis of Three Experimental 24 
Studies in Physical Education 25 
It was the famous educator, Madeline Hunter who first made popular the idea that “teaching 26 
is decision making” (Hunter, 1979). Specifically, she argued that teachers’ decision-making 27 
included applying professional and subject specific knowledge and judgment in their work 28 
(Kennedy, 2016). Moreover, she believed that the decisions teachers made could be placed into 29 
one of three categories: (a) what content to teach, (b) what students will do to learn the content, 30 
and (c) what pedagogies teachers will employ to facilitate student learning. These categories are as 31 
relevant today as when Hunter proposed them. Contemporary scholars, however, emphasize that 32 
the decisions made within each of these categories are also influenced by socio-cultural contexts, 33 
educational standards, and school values (Kirk, 2010).  34 
Professional knowledge and subject specific knowledge underpinning the decisions a teacher 35 
makes are grounded in the assumption that they work (What Works Clearinghouse, 2014). Those 36 
responsible for teacher preparation and professional development should, in turn, focus on 37 
providing prospective and in-service teachers with knowledge that has already been proven to be 38 
useful (Darling-Hammond & Bransford, 2007; Kennedy, 2016; Ward, 2016). Mirroring the larger 39 
educational community, there have been calls for sport pedagogists to develop this kind of 40 
evidence-based practice for physical educators to employ (Hastie 2016; Institute of Medicine, 41 
2013; McKenzie & Lounsbery, 2013; Ward, 2013). To date, however, the field has not responded 42 
to these calls or even developed criteria to determine what counts as evidence-based practice.  43 
The What Works Clearinghouse (2014) defined empirically tested educational interventions to be 44 
“substantively important” (i.e., evidence-based) when an effect size of .25 of a standard deviation 45 
or larger was achieved, even though statistical significance may not have been reached.  46 
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At least one issue that arises from the use of research in creating evidence-based practice is 47 
whether the research will work with teachers. Green (2008) has argued that an evidence-based 48 
practice should be based on practice-based evidence. His point was that there must be 49 
consideration of teachers’ usage of any practice. Green (2008) suggested that teachers should be 50 
involved in the development of evidence-based practice to ensure both its usability by teachers and 51 
it sustainability as an educational practice. Such a position recognizes that teachers will always 52 
need to adapt an evidence-based practice for the varying education contexts they find themselves.  53 
The professional judgments of teachers are not only informed by evidenced-based practice, 54 
but they are also informed by craft knowledge. Craft knowledge is “that part of professional 55 
knowledge which teachers acquire primarily through their practical experience in the classroom” 56 
(Brown & McIntyre, 1993, p. 17). We argue that evidence-based practice is not a panacea nor a 57 
substitute for a teacher’s professional judgments, but nor is evidence-based practice something that 58 
can be ignored by teachers who are professionals. It is clear that teachers play an important role in 59 
operationalizing evidence-based practice that will inform their decision making.  60 
 Nowhere is the role of decision making more evident in teaching, than in the use of 61 
pedagogical content knowledge (PCK; Shulman, 1987). PCK represents the epitome of the 62 
application of professional knowledge and the use of professional judgment. In the next section, 63 
we describe pertinent theoretical and empirical literature concerned with PCK that underpinned the 64 
research reported in this article. 65 
Theoretical and Empirical Background 66 
Shulman (1986; 1987) was arguably the first scholar to stress the importance that content 67 
knowledge played in teaching effectiveness. He was also the first to differentiate content 68 
knowledge from PCK. Shulman (1986; 1987) argued the PCK was informed by a number of 69 
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knowledge bases, and these served the function of providing the teacher with knowledge to 70 
transform the content in ways that made it understandable to learners. Since Shulman’s early 71 
theoretical work, a growing body of research has examined PCK in instructional contexts (e.g., 72 
Depaepe, Verschaffel, & Kelchtermans, 2013; Ward & Ayvazo, 2016). This theoretical work has 73 
been characterized by a lack of consensus between sets of researchers, particularly concerning the 74 
knowledge bases that inform PCK (Depaepe et al., 2013). In physical education, however, most 75 
scholars have viewed PCK as being informed and influenced by teachers’ knowledge of students 76 
(e.g., how students learn, develop, the cultures in which students exist), knowledge of pedagogy 77 
(e.g., effective management and instruction), knowledge of curriculum (e.g., curricular models), 78 
knowledge of context (e.g., social class and local standards for student behavior), and content 79 
(Ward & Ayvazo, 2016). Ward and Ayvazo (2016) note that the rationale for describing the 80 
influence of a particular knowledge base on PCK often varies according to the epistemological 81 
perspectives of different author. 82 
The studies on which we reported in this article are grounded in the epistemology of radical 83 
behaviorism (Skinner, 1965) and the science of applied behavior analysis (Cooper, Heron, & 84 
Heward, 2011; Siedentop & Rushall, 1972; Ward, 2006). In behavior analysis, behavior is 85 
influenced by prior learning history and by the immediate current events. Ward, Kim, Ko, and Li 86 
(2015) defined PCK behaviorally as:  87 
A focal point, a locus, defined as such as an event in time (and therefore specific 88 
contextually) where teachers make decisions in terms of content based on their 89 
understandings of a number of knowledge bases (e.g., pedagogy, learning, motor 90 
development, students, contexts, and curriculum). (p. 2) 91 
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Unpacking this definition, one begins with the view that PCK is a behavior. Ward et al. (2015) 92 
conception of PCK argued that the construct can be observed in lessons as a series of decisions 93 
operationalized as instructional representations (e.g., demonstrations), instructional tasks and their 94 
progression, feedback, and modifications of instructional tasks to accommodate students’ 95 
responses to tasks and feedback. Each decision a teacher makes in this regard involves applying 96 
their prior knowledge (e.g., knowledge of the student) and is influenced by the lesson’s current 97 
context (e.g., equipment, space, student performances) so that the next decision is potentially 98 
informed by the previous decision. The extent to which this occurs is a function of the 99 
consequences of the teachers’ behaviors. Teaching behaviors are acquired and maintained as a 100 
result of reinforcement and stopped by the absence of reinforcement and/or punishment (Cooper et 101 
al., 2007). Reinforcers vary across individuals and what is a reinforcer for one teacher may not be 102 
for another. Examples of potential reinforcers found in teaching include students being successful, 103 
staying on-task, and following directions. Examples of potential punishers would be a lack of 104 
student success, students complaining, and off task behaviors. 105 
 From a behavioral perspective, PCK can be observed and measured when teachers write 106 
lesson plans, talk about what they would do in a particular lesson or context, or when they 107 
complete tests that measure their PCK. Viewing PCK as an observed behavior is not only a 108 
behavioral perspective. Many studies of PCK though not behavioral in nature, have relied on a 109 
variety of similar data collection strategies to report PCK including discourse, written artifacts, 110 
lesson plans, and direct observation of teachers (Amade-Escot, 2005; Chen, 2004; Housner, 111 
Gomez, & Griffey, 1993; Rovegno, 1992; Rovegno, Chen, & Todorovich, 2003; Tsangaridou, 112 
2002; Schempp, Manross, Tan, & Fincher, 1998). 113 
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Most studies in physical education conceptualize the knowledge bases that most inform PCK 114 
as knowledge of students, pedagogy, curriculum, context, and content (Ward & Ayvazo, 2016). 115 
This position is strongly influenced by the Shulman’s (1987) conceptualization, the work of 116 
Grossman, Schoenfeld, and Lee (2005) and Ball, Thames, and Phelps (2008) in general education, 117 
and the work of Rovegno (1995) in physical education. Knowledge of students includes 118 
knowledge of how students learn, their developmental characteristics, characteristics of their 119 
culture, and what a teacher has learned from previous students that would indicate both their prior 120 
knowledge and the ability levels of similar students, as well as their knowledge of the students in 121 
this particular class. Knowledge of pedagogy includes not just the basic pedagogies such as class 122 
control, class organization, and the instructional techniques; it also overlaps with knowledge of 123 
curriculum such as knowing games pedagogies, cooperative learning models, or the Sport 124 
Education curriculum (Metzler, 2011). Knowledge of context includes knowledge of the resources 125 
that are available and the socio-cultural context of the community in which the school is located, 126 
district policies, and standards for learning established by the district and the state. Content 127 
knowledge as knowledge base that informs PCK, can be differentiated as two sub-domains (Ball et 128 
al., 2008; Ward, 2009). Common content knowledge (CCK) refers to knowledge of the technique 129 
and the tactics of a movement and the rules governing its performance (Ball et al., 2008; Ward, 130 
2009). Specialized content knowledge (SCK) includes knowledge of the instructional 131 
representations of CCK, instructional tasks to teach CCK, and errors that students can make 132 
associated with those tasks (Ward, 2009). The relationship between SCK and PCK is often 133 
misunderstood. 134 
Understanding the CCK of a movement is central to teaching it. Teachers cannot teach the 135 
forehand in tennis if they do not know the grip and the technique of the shot, nor can they teach the 136 
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grapevine step in a dance if they do not know it. Knowing CCK is a prerequisite to knowing SCK. 137 
Depth of SCK influences PCK in significant ways. Shulman (1987) functionally defined PCK as 138 
how content is “organized, represented, and adapted to the diverse interests and abilities of learners 139 
and presented for instruction” (p. 8). A teacher’s ability to adapt instruction depends to a very large 140 
extent on the depth of their SCK. Depth of SCK can been seen in PCK of a teacher, in terms of 141 
their representations of CCK, the instructional tasks to teach CCK and the feedback that teachers 142 
use to adapt CCK to students with different performance levels. For example, a teacher may have 143 
planned to teach a skill using a series of instructional tasks. After observing students struggling 144 
with one of the tasks, the teacher may decide to add additional tasks to make it more 145 
understandable and easier to perform. Doing so requires that first the teacher has a knowledge of 146 
alternative tasks and that knowledge is derived principally from SCK. Studies have shown that 147 
many teachers lack deep understanding of SCK and this limits their ability to adapt instruction 148 
(Ingersoll, Lux, & Jenkins, 2014; Kim, 2015; Kim, Lee, Ward, & Li, 2015; Schempp et al., 1998; 149 
Ward et al., 2015). 150 
Until recently, it has not been possible to demonstrate that changes in teacher’s content 151 
knowledge directly affected their PCK or that changes in PCK directly influenced student learning 152 
(Ward & Ayvazo, 2016). The majority of existing studies in PCK in physical education have been 153 
qualitative in nature using case studies (e.g., Rovegno, 1995), expert-novice comparisons (e.g., 154 
Schempp et al., 1998), and studies of preservice teachers (e.g., Ingersoll et al., 2014). These types 155 
of studies have been foundational in describing the context and the nature of PCK in physical 156 
education, but they have not been designed to assess the relationships among content knowledge 157 
and PCK, and PCK and student performance.  158 
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This study was a retroactive analysis of data from three previously published studies using 159 
new variables and original analyses. Our purpose was to present and synthesize findings that could 160 
lead to evidence-based practice for physical education teachers in terms of how they develop PCK. 161 
The specific research questions we examined were: (a) In what ways did teachers’ PCK differ 162 
before and after CCK and SCK training?; (b) In what ways did student performance differ before 163 
and after CCK and SCK training?; and (c) What were the effect sizes for teacher and student 164 
variables across studies?  165 
Method 166 
All three studies were part of an intentional replication effort designed to systematically 167 
replicate the independent variable, CCK and SCK training, with teachers of different backgrounds 168 
and their students. All studies were subject to the institutional review board oversight at the 169 
institutions, where the studies were conducted and informed consent was obtained for all teacher 170 
and student participants. This section is organized as follows. First, the research design and 171 
description of the studies are discussed. Second, the CCK and SCK training is described including 172 
treatment integrity. Next, teacher and student dependent variables are defined, data collection is 173 
described, and the reliability of observations are reported. Finally, the types of data analyses we 174 
used to examine and synthesize the data are reported. The analyses conducted in this study and 175 
subsequent findings are original.  176 
Research Design and Demographic Information of Three Studies  177 
Each of the three field-based intervention studies each had the following design characteristics: 178 
(a) the teachers taught several classes of badminton the way they would normally do so (pre-179 
treatment) after which they received a professional development workshop on the CCK and SCK 180 
of badminton (treatment) and subsequently taught several additional classes of badminton (post-181 
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treatment); (b) the same measures of teacher behavior and student performance were examined in 182 
each study; (c) the studies were conducted in secondary school physical education settings; (d) the 183 
independent variable (CK workshop) was standardized and teacher training procedures met the 184 
same criteria; and (e) the number of pre- and post-treatment lessons taught were similar.  185 
Study 1: Ward, Kim, Ko, and Li. (2015). This study was conducted with four middle 186 
school physical education teachers who considered badminton as their non-expert content area but 187 
who had taught badminton to grades six through eight ranging from 4-20 years. A total of 96 188 
students were selected from the teachers’ identified stratified skill-level groups (low, average and 189 
high skilled) with equal numbers of male and female students in each group. Each teacher taught 190 
two classes of students each day for six days before and after the intervention. The classes 191 
represented a convenience sample and the design was a matched quasi-experimental group trial. 192 
The study was conducted in Ohio and in North Carolina in the United States. Teacher data were 193 
collected using the video recordings of the lessons, whereas student data were collected live on 194 
every trial made by six students in each class.  195 
Study 2: Sinelnikov, Kim, Ward, Curtner-Smith, and Li. (2016). This study was 196 
conducted with two first year physical education teachers who had little to no experience in 197 
teaching badminton to grades six to eight. A total of 48 students were selected from the teachers’ 198 
identified stratified skill-level groups (low, average, and high skilled) with equal numbers of male 199 
and female students in each group. Each teacher taught two classes of students each day for six 200 
days before and after the intervention. The classes were randomly assigned to each pre-treatment 201 
or post-treatment and the design was a randomized group trial. The study was conducted in 202 
Alabama in the United States. Teacher data were collected through the use of videotaped lessons, 203 
whereas student data were collected live in each class. 204 
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Study 3: Iserbyt, Ward, and Li. (2015). This study was conducted with one high school 205 
physical education teacher who had taught badminton to grades 9-12 for 10 years and did not 206 
consider badminton as a strong content area. A total of 64 students were selected from the 207 
teachers’ identified stratified skill-level groups (low, average and high skilled) with equal numbers 208 
of male and female students in each group. Each teacher taught two classes of students each day 209 
for six days before and after the treatment. The classes were randomly assigned and the design was 210 
a randomized group trial. The study was conducted in Flanders, Belgium. Both teacher and student 211 
data were collected from the video recordings of the lessons.  212 
Treatment Description 213 
In each study, the treatment was described as a professional development workshop 214 
intended to develop the teachers’ CCK, but predominantly the SCK of badminton for secondary 215 
settings. An initial study conducted by Kim (2011) was used to standardize training and materials. 216 
The materials included a content knowledge packet consisting of descriptions of the CCK and 217 
SCK for badminton, videos of correct and incorrect performances, coding instructions and 218 
instruments, as well as observer training instructions and materials. The lead author trained all co-219 
investigators who then trained their respective data collectors. First, individual teachers reviewed 220 
the content of the content knowledge packet prior to the workshop. The content of this packet was 221 
derived from Play Practice (Launder, 2001) and Badminton Steps to Success (Grice, 1996) for 222 
teaching five badminton skills (serve, overhead stroke, underhand stroke, smash, and drop) and 223 
basic singles/doubles strategies. Next, teachers were trained for four hours typically across two 224 
days in a workshop that consisted of three components: (a) an overview and introduction of Play 225 
Practice (Launder, 2001), (b) observation of training videos that included examples of possible 226 
errors, error corrections, task representations, task progressions, and task modifications, and (c) 227 
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evaluation of the participants’ understanding of the knowledge presented during the workshop 228 
through a series of questions. Teachers had to answer a total of 64 questions during the course of 229 
the workshop. When a teacher’s correct answers met a criterion of 95% for each element assessed 230 
(e.g., possible errors, error corrections, task representations, task progressions, and task 231 
modifications), they were judged sufficiently well trained.  232 
Treatment Integrity for the Workshop and Fidelity of Teacher Implementation of Lessons 233 
To ensure that each study used the same procedures to train the teachers (i.e., treatment 234 
integrity), a checklist was used to determine if training procedures described in the treatment 235 
description above were followed. All studies reported 100% compliance with the checklist. The 236 
treatment integrity was aided by standardization through the use of the same materials, and videos 237 
of correct and incorrect performances for training. 238 
In addition, fidelity of implementation of the tasks that were presented in the workshop 239 
were examined from an analysis of the lessons taught post-treatment (workshop). All instructional 240 
tasks were assessed using four levels of congruency with tasks presented at the workshop. The 241 
levels of task congruency were as follows: (a) used as taught in the workshop; (b) partially correct, 242 
but consistent with workshop; (c) different, but appropriate, and consistent with workshop; (d) 243 
different, but inappropriate, and not consistent with workshop. Each study reported mean fidelity 244 
of implementation for their teachers using the tasks as taught in the workshop or partially taught in 245 
the workshop. Fidelity of implementation for the Ward et al. (2015) study was 88%, the Sinelikov 246 
et al. (2016) study 77%, and the Iserbyt et al. (2015) study 91%. 247 
Teacher Variables  248 
Teacher variables were chosen to represent PCK. First, task selections by a teacher was 249 
measured whenever the teacher presented instructional tasks to the class as a whole during the 250 
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lessons. Each task was judged according to two criteria: developmentally appropriate and 251 
principally appropriate. Developmental appropriateness was defined as an instructional task that 252 
was matched to the ability or readiness of the students (e.g., equipment, space, and complexity) 253 
(Kim, 2011). Principally appropriate was defined as an instructional task that was an appropriate 254 
progression relative to the previous tasks either in terms of technical development or game 255 
development (Kim, 2011).   256 
Second, task representations by a teacher were categorized as either verbal or visual. 257 
Verbal representations were defined as task representations using different verbal forms during 258 
instruction and practice (e.g., correct instructions, descriptions, analogies, metaphors, cues, and 259 
feedback). Visual representations were defined as task representations using different visual forms 260 
of during instruction and practice (e.g., correct full or partial demonstrations, visual aids – task 261 
cards, diagrams, pictures, or video clips, and physical assistance).  262 
Third, task adaptations by the teacher were categorized as inter- or intra-task adaptations. 263 
Inter-task adaptations were defined as task modifications between tasks for the entire class using 264 
four task categories defined by Rink (2010; i.e., informing, extending, refining, and applying 265 
tasks). Intra-task adaptations were defined as task modifications within tasks toward small groups 266 
of students or individuals. Using four task categories (modifying, refining, restating, and changing 267 
competition conditions), the number of each type of adaptation made by the teachers was 268 
measured.  269 
We used an aggregate variable, called total PCK to provide an overall judgment of the 270 
PCK of the teacher. The variable was created using the above three individual teacher variables by 271 
summing the mean percentages of the three individual teacher variables and dividing by three 272 
(number of variables). 273 
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Student Variables  274 
Every student participant performance in every lesson was coded as correct, incorrect, or 275 
other. A correct trial was defined from the literature as the demonstration of critical elements in 276 
each of primary skills in the three phases of skill performance: preparation, execution, and follow 277 
through (Grice, 1996). When students performed the critical elements correctly in two or three 278 
phases, it was coded as correct. When students performed the critical elements correctly in one or 279 
in no phases, it was coded as incorrect. When students missed hitting the shuttle due to mistakes 280 
made by themselves (e.g., not moving into position quickly enough), or if an unhittable shuttle was 281 
sent to them, or if students performed non-target movements that the teacher did not request (e.g., 282 
performing the forehand stroke when practicing the backhand stroke), it was coded as other.   283 
Reliability of Observations. Reliability in each study was established by inter-observer 284 
agreement using the following formula: agreement divided by the sum of agreements and 285 
disagreements, then multiplied by 100 (Cooper et al., 2007). Each study reported its reliability. 286 
Ward et al. (2015) collected data on 33% of all teacher and student observations. The reliability for 287 
teacher and student data was 88% (range = 85.3-99.3% for students and range = 78.9-92.3% for 288 
teachers). Sinelnikov et al. (2016) collected data on 33% of all teacher and student observations. 289 
The reliability for teacher and student data was 89% (range = 83.8–96.6% for students and range = 290 
81.0–91.0% for teachers). Iserbyt et al. (2015) collected data on 40% of all teacher observations 291 
and 39% of student observations. The reliability for teacher and student data was 88% (range = 292 
84.0–90.0%). 293 
Data Analysis  294 
All teacher and student data were coded using event recording (Cooper, Heron, & Heward, 295 
2007). Data analyses were conducted using the SPSS v24.0 software (SPSS, 2015). Data were 296 
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analyzed in four ways. First, descriptive statistics were used for both teacher and student data. The 297 
means and standard deviations per lesson were calculated by individual teachers or their students. 298 
We used a lesson as a unit of teacher and student measurement since teacher’s instructional 299 
performance varied per lesson, which impact students’ success of learning. Second, using the 300 
means we calculated the mean percentages of each variable in order to show the relative standing 301 
of the individual teachers’ data in relation to others in all teacher variables with the same 302 
measurement scale using the following formula: the mean divided by the highest group mean 303 
multiplied by 100. For the student data, the mean percentages of students’ correct/incorrect/other 304 
variables were calculated by dividing the total number of each variable by the total trial number 305 
and then multiplying by 100. Third, we calculated effect sizes (ES) for both teacher and student 306 
variables using the means and standard deviations of two groups (pre-and post-treatment). Fourth, 307 
we computed the mean ES as recommended by Borenstein, Hedges, Higgins, and Rothstein (2009) 308 
to avoid running the risk of using a regular meta-analysis that could create measurement errors 309 
because of our small sample. Because the studies included in this analysis were similarly precise, 310 
used the same procedures, and measured the same dependent and independent variables, and 311 
because the number of the studies was small and the samples within the study were similar, 312 
reporting the mean ES creates an unweighted fixed effects meta-analysis model (Borenstein et al., 313 
2007). The fixed-effects model assumes homogeneity of effects across the studies being combined. 314 
As such the common ES represents a summary variable that can be used to summarize the effects 315 
of training teachers in CCK and SCK and effects of training student performance as evidence- 316 
based practice. 317 
For both the ES and meta-analysis of common ES, we used two criteria for interpreting the 318 
meta-analysis. First, Cohen’s (1988) recommendations for interpreting ES was used and defines a 319 
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“small” ES as .20, a “medium” ES as .50, and a “large” ES as .80. Cohen (1988) warned, however, 320 
these rules of thumb may vary within different fields of study. Second, to contextualize findings in 321 
education, we also used the U.S. Department of Education’s What Works Clearinghouse (2014) 322 
ES .25 criterion for a substantively important effect.  323 
Results 324 
In what ways did teachers’ PCK differ before and after CCK and SCK training? 325 
The descriptive analysis of teacher data indicated that the teachers used more 326 
developmentally/principally appropriate tasks, verbal/visual representations, inter-/intra-task 327 
adaptations per lesson after developing badminton CCK and SCK. The means and standard 328 
deviations of individual teacher performance data across the three studies are presented in Table 1. 329 
Overall, the means of both developmentally/principally appropriate tasks were 0.61 (SD=0.69) in 330 
the pre-treatment classes and 2.58 (SD=0.97) the post-treatment classes. The means of 331 
verbal/visual task representations were 25.96 (SD=14.76) in the pre-treatment classes and 66.85 332 
(SD=22.68) in the post-treatment classes. For the task adaptation variable, the means of both inter- 333 
and intra-task adaptations were 3.84 (SD=1.96) in the pre-treatment classes and 10.04 (SD=3.30) 334 
in the post-treatment classes. The means for the total PCK variable were 10.13 (SD=5.32) in the 335 
pre-treatment classes and 26.45 (SD=8.19) in the post-treatment classes.   336 
[ Insert Table 1] 337 
To show the relative standings of the individual teachers’ PCK variables in relation to 338 
others, the mean percentages of task selections, task representations, task adaptations, and total 339 
PCK in the pre-treatment and post-treatment classes are presented in Figure 1-4. We ordered the 340 
teacher data from lowest to highest based on the total PCK score reported in Figure 4. Figure 1 341 
shows a range of the mean percentages for the task selection by the seven teachers from 0%~ 342 
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23.71% in the pre-treatment classes to 30.86% ~ 100% in the post-treatment classes. Figure 2 343 
shows a range of the mean percentages for the task representation by the teachers from 11.99%~ 344 
48.03% in the pre-treatment classes to 49.69% ~ 100% in the post-treatment classes. Figure 3 345 
shows a range of the mean percentages for the task adaptation by the teachers from 19.56%~ 346 
25.50% in the pre-treatment classes to 27.81% ~ 100% in the post-treatment classes. Figure 4 347 
shows a range of the mean percentages for the total PCK variable by the teachers from 13.59%~ 348 
44.44% in the pre-treatment classes to 49.64% ~ 100% in the post-treatment classes. Collectively, 349 
figures 1-4 show that the teaching performances in the experimental classes were better than those 350 
in the pre-treatment classes for all teacher variables. 351 
[Insert Figures 1-4 here] 352 
In what ways did student performance differ before and after CCK and SCK training? 353 
The descriptive analysis of student data indicated that the students in the post-treatment 354 
classes used more correct trials and fewer incorrect trials that those in the pre-treatment classes 355 
taught by the individual teachers. The mean percentages and standard deviations of student 356 
performance data are presented in Table 2. The mean percentages of students’ correct trials per 357 
lesson were 16.10% (SD = 9.65) in the pre-treatment classes and 45.80% (SD = 14.65) in the post-358 
treatment classes. The mean percentages of students’ incorrect trials per lesson were 61.07% (SD = 359 
10.26) in the pre-treatment classes and 32.75% (SD = 10.43) in the post-treatment classes. The 360 
mean percentages of other performance per lesson were 20.72% (SD = 6.38) in the pre-treatment 361 
classes and 21.09% (SD = 7.71) in the post-treatment classes. 362 
[Insert Table 2] 363 
What were the effect sizes for teacher and student variables across studies?  364 
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The analysis of teacher and students’ Cohen’s d ES per variable across the three studies is 365 
presented in Table 3. For each variable, the ranges of Cohen’s d ES were: task selection 0.93 ~ 366 
3.58, task representation 1.06 ~ 4.09, task adaptation 0.74 ~ 3.78, total PCK 1.11 ~ 4.85 and 367 
students’ correct performance 1.53 ~ 3.67. The common ES reported as Cohen’s d for each 368 
variable were: task selection 2.32, task representation 2.48, task adaptation 2.11, total PCK 2.44 369 
and students’ correct performance 2.35.  370 
[Insert Table 3] 371 
Discussion 372 
We began this article noting that there have been increasing calls for evidenced-based 373 
practice in physical education to support the work of teachers (Hastie, 2016; Institute of Medicine, 374 
2013; McKenzie & Lounsbery, 2013; Ward, 2013). A key element of evidence-based practice is 375 
that teaching behaviors are tied functionally to student measures, without which judgments about 376 
the effectiveness of the practice can be made. Our analyses from the two randomized group trials 377 
and one well-controlled quasi- experimental group trial provide important evidence.  378 
Pedagogical Content Knowledge 379 
The first analysis examined the effects of professional development training on four variables 380 
we used to define PCK. To understand the connections between PCK and the variables we used in 381 
this study they are situated within Shulman’s (1987) description. PCK is “organized [task 382 
selections], represented [task representations], and adapted [task adaptations and task selections] 383 
to the diverse interests and abilities of learners and presented for instruction.” (p. 8) 384 
Task selection is a measure of teacher decision making and represents the SCK of the teacher 385 
(Ward & Avayzo, 2016). In the three studies, the teachers use of tasks in the post-treatment classes 386 
compared to the pre-treatment classes were substantively better. The difference between the pre-387 
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and post-treatment lessons in the selection of content can be best described as tasks used in the 388 
post-treatment lessons were incrementally progressive and aligned with the goal of the lesson.  389 
Task representations indicate a teacher’s understanding of the task and how to translate content 390 
into understandable information for students. A key feature in this presentation is linking current 391 
understanding to the prior knowledge of the student. The tasks represented in the post-treatment 392 
lessons can be described using Rink’s (2010) classification of content development as extension 393 
and refining with some applying tasks. Because the tasks were incrementally progressive each task 394 
built upon the previous task drawing upon the knowledge that students had of the previous task to 395 
inform the current task. This was intentional and it creates a conceptually aligned understanding of 396 
the content. Whereas in the pre-treatment lessons this depth of understanding tied to prior 397 
knowledge was less evidenced. Another feature of task representation is the use of demonstrations 398 
and description analogies and metaphors. Though it is true that more is not better, the substantive 399 
increase in aligned representations in the post-treatment classes indicates that the teachers made 400 
more effort to explain and demonstrate correctly the content they were teaching than they did in 401 
the pre-treatment classes.  402 
Task adaptations are task selections that are made to modify the initial task selection to meet 403 
the needs of the students, small groups or even for the class as a whole. Though all the variables 404 
address the notion of adaption, in the context of Shulman’s (1987) definition, task adaptations to 405 
intra and inter-task development might be one of the most observable indicators of PCK, because it 406 
best represents the notion of adaptation to needs. The data from the three studies show that the 407 
teachers made substantive efforts to adapt to student performance during lessons based on their 408 
observations of the students.  409 
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The teachers in the three studies varied significantly in their experience of teaching 410 
badminton from no prior experience (Sinelnikov et al., 2016) to experienced teacher (Iserbyt et al., 411 
2015; Ward et al., 2015), yet the professional development training assisted them all and as we 412 
showed in the results, students in their classes benefited. Because the teachers taught before and 413 
after the treatment, teacher effects can be ruled out, and thus this data represents the growth of the 414 
teachers on these four variables.  415 
Despite the rigor of data collection there remains a disconnect in the evidence to date 416 
between the training and the implementation of the training. These studies did not directly measure 417 
teacher knowledge and so we don't know the specific extent of their CCK and SCK prior to and 418 
following the professional development training. At the time, the studies were conducted there 419 
were no validated measures of CCK or SCK for badminton, or for any other sport. The 420 
establishment of reliable and valid measures of CCK and SCK is clearly a priority direction for 421 
future research. 422 
Student Performance  423 
In the three studies, data were collected on every trial made by the students in the sample. 424 
Student performance is a critical aspect of the learning process and a known predictor of learning 425 
and success in physical education (Rink, 2010; Silverman, 1985; Silverman, Subramaniam, & 426 
Woods, 1998). Behaviorally, process data of student performance represents the entire motoric 427 
engagement in badminton in the lessons. From a behavioral analytic point of view, it represents 428 
learning because the motor engagement of the performance being taught demonstrated alignment 429 
between assessment and instruction (Cooper et al., 2011). However, the motor learning literature 430 
makes the case that retention measures represent a truer measure of learning, because they 431 
demonstrate the retention of the performance following instruction (MaGill, 2011). That said 432 
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future studies should conduct retention measures to provide an outcome measure and provide a 433 
measure of learning. 434 
Ward (2013) argued, “if you use low-quality tasks, students acquire something different than 435 
if you used high-quality tasks” (p. 437), making the case that you get what you teach. Thus, we 436 
argue that what students came to understand and perform as badminton post-treatment can be 437 
defined by the quality of tasks selected the quality of the representation on those tasks and the 438 
quality of subsequent adaptations. These differences are reflected student performance measures. 439 
Effect Sizes 440 
The studies generated 35 ESs across the four teacher variables and the student performance 441 
variable. All ES scores except one exceeded the U.S. Department of Education’s What Works 442 
Clearinghouse .25 criterion for a “substantively important” effect by a factor of at least six and all 443 
exceeded Cohen’s criteria (i.e., > .8) for a large effect. The one exception exceeded the criterion by 444 
a factor of three. Collectively, this demonstrates substantively important effects of the professional 445 
development in developing the teachers’ PCK and also substantively important effects on correct 446 
trials of their students. The common ES representing our unweighted meta-analysis ranged from 447 
2.11 to 2.48 standard deviations. To place this in perspective, if these were standardized 448 
assessments rather than unstandardized, the results with an ES of 1.0 would increase percentile 449 
scores from 50 to 84. 450 
The ES we reported are large. ES can be influenced by a number of factors (Slavin, 2009), 451 
chief among these is the size of the sample. Studies with larger samples may generate ESs that are 452 
more accurate, because they are more representative of the population. This is mediated somewhat 453 
by the random assignment of teachers and students to conditions. However, Slavin (2009) notes 454 
that a large well controlled quasi-experimental study may generate more accurate ESs, than a small 455 
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randomly controlled study. In the data we reviewed, the three studies both individually and 456 
cumulatively have small sample sizes for teachers. This should be considered in the interpretation 457 
of the results. However, we would note that if you cut the ESs by two thirds, an unlikely outcome 458 
with a larger sample, you would still have a substantive set of ESs all of which would exceed the 459 
criteria we used for substantively important effects. A second potential reason for high ESs also 460 
related to small samples is the effect of class and teacher confounds on the results. This typically 461 
occurs when different teachers are assigned to the pre-treatment lessons compared to the post-462 
treatment lessons. In the studies we reviewed, this was not the case. Teachers in all studies taught 463 
both pre-and post-treatment classes ruling out teacher effects and two of the studies had random 464 
assignment of classes to conditions. 465 
Third, de Boer, Donker and van der Werf (2014) have reported that it is typical to get higher 466 
ESs when using non-standardized measures than when compared to standardized measures. In 467 
these studies, the authors did use non-standardized measures and this is a potential reason for 468 
higher ESs and as such should be considered in the interpretation of the ESs we report. Finally, 469 
perhaps the most parsimonious explanation in the tradition of Occam’s Razor (Cooper et al., 2011) 470 
for the high ESs is the low level of student performance and weak content development seen in the 471 
pre-treatment lessons accompanied by the low levels of student success. 472 
Limitations and Strengths 473 
As we have previously noted, the analyses conducted involved clear limitations including 474 
small sample size, a lack of retention measures to measure student learning, the lack of a direct 475 
measure of teacher content knowledge, and the duration of the instructional units, though 476 
ecologically valid, in our view too short to show the potential gains that could be made with gains 477 
in teacher knowledge. Future studies should address these shortcomings. 478 
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However, we feel confident that the effects of our measures are robust for three reasons. 479 
First, the stratified selection of students by ability represents a sampling of the students in each 480 
class.  However, for students in the sample, all trials made by the students were reported and 481 
analyzed.  As such these represent census level data rather than a sampling of the student 482 
participants in the study. Census data reflecting a complete picture of the use of these variables is 483 
also true for our teacher data. This is important because for the teachers it captures their PCK as 484 
we have defined it. Second, the treatment integrity representing the degree to which the 485 
professional development workshop was delivered as described in the studies was high, 486 
strengthening confidence in the internal validity of the studies. Third, the mean fidelity of 487 
implementation across the three studies by teachers was 85% lending confidence that the training 488 
from the workshop was transferred to teaching practice, and again strengthening confidence in the 489 
internal validity of the studies. 490 
Implications for Policy  491 
The current findings show that improving the content knowledge of teachers and in particular 492 
the SCK of teachers leads to more effective teaching and learning. The national standards for 493 
beginning teachers (SHAPE America, 2017) now require both CCK and SCK to be taught and 494 
evaluated in teacher preparation programs and our finding reinforces the rationale for this policy. 495 
Given that the duration of training for the three studies ranged from 4-6 hours the data also suggest 496 
that incorporating SCK training into continuing professional development for teachers is likely to 497 
be a small cost in terms of time to train and cost to train, because such training could be included 498 
in existing one-or two-day professional development efforts in the U.S. that often occur for a day 499 
in duration.  500 
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There have been some criticisms in the literature that these short duration professional 501 
development efforts are not effective (Gutsky & Yoon, 2009). The results presented in the current 502 
study, along with those presented by Gutsky and Yoon (2009) and Kennedy (2016) show that the 503 
time and intensity spent in professional development activities are unrelated to improvements in 504 
student outcomes. That said, we know little about the effects on student learning of sustained 505 
teacher conversations about their teaching of content beyond the training reported in studies such 506 
as we reviewed. Such studies are important directions for future research.  507 
Conclusion 508 
Our purpose in this study was to present and synthesize findings that could contribute to 509 
evidence-based practice for preservice and continuing professional development of teacher’s 510 
content knowledge that improves PCK, and in turn, student performance. To improve student 511 
outcomes at scale, policies and practices for teachers should be based on the best evidence 512 
available. For student outcomes in secondary physical education, the evidence summarized in this 513 
study supports a focus on professional development specific to strategies used to advance CCK 514 
and SCK in teachers. Our findings support recent policy SHAPE America standards for beginning 515 
teachers 516 
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Figure 1. Mean percentages of teachers’ task selections in the comparison and experimental 
classes  
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Figure 2. Mean percentages of teachers’ task representations in the comparison and 
experimental classes 
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Figure 3. Mean percentages of teachers’ task adaptations in the comparison and experimental 
classes 
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Figure 4. Mean percentages of teacher’s total PCK in the comparison and experimental classes 
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Table 1. Descriptive statistics of teacher variables by treatment condition   
Teachers Treatment (N)  
Task 
Selection 
Task 
Representation 
Task 
Adaptation 
Total 
PCK 
AL 1 
Control 
(N = 12) 
M 0.00 26.00 4.00 10.00 
SD 0.00 15.90 4.25 6.08 
Experimental 
(N = 12) 
M 1.83 47.33 7.92 18.77 
SD 1.00 23.59 4.34 9.39 
AL 2 
Control 
(N = 12) 
M 0.83 22.42 4.25 9.17 
SD 0.58 12.20 2.14 4.58 
Experimental 
(N = 12) 
M 1.33 47.92 7.50 18.92 
SD 0.49 23.38 2.11 8.25 
BL 1 
Control 
(N = 24) 
M 0.61 21.90 3.13 8.55 
SD 0.50 22.32 1.80 7.81 
Experimental 
(N = 24) 
M 3.34 56.60 4.45 21.46 
SD 1.24 18.26 1.78 6.75 
OH 2 
Control 
(N = 12) 
M 0.75 18.75 4.02 7.83 
SD 0.87 8.53 2.13 3.46 
Experimental 
(N = 12) 
M 3.50 68.60 9.50 27.20 
SD 0.71 35.47 2.07 12.13 
OH 1 
Control 
(N = 12) 
M 0.50 11.42 3.50 5.14 
SD 0.80 5.55 1.09 1.88 
Experimental 
(N = 12) 
M 3.33 71.58 8.92 27.94 
SD 0.78 20.04 3.32 6.37 
NC 2 
Control 
(N = 12) 
M 0.83 45.75 4.08 13.44 
SD 1.11 24.18 2.23 5.35 
Experimental 
(N = 12) 
M 2.50 80.67 16.00 33.06 
SD 1.68 22.49 5.34 8.05 
NC 1 
Control 
(N = 12) 
M 0.75 45.75 3.92 16.81 
SD 0.97 24.18 1.83 8.10 
Experimental 
(N = 12) 
M 2.25 95.25 16.00 37.83 
SD 0.87 15.73 4.13 6.40 
Total  
Control 
(N = 96)  
M 0.61 25.96 3.84 10.13 
SD 0.69 14.76 1.96 5.32 
Experimental 
(N = 96) 
M 2.58 66.85 10.04 26.45 
SD 0.97 22.68 3.30 8.19 
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Table 2. Descriptive statistics of teacher variables by treatment condition   
Teachers Treatment (N)  
Task 
Selection 
Task 
Representation 
Task 
Adaptation 
Total 
PCK 
AL 1 
Control 
(N = 12) 
M 0.00 26.00 4.00 10.00 
SD 0.00 15.90 4.25 6.08 
Experimental 
(N = 12) 
M 1.83 47.33 7.92 18.77 
SD 1.00 23.59 4.34 9.39 
AL 2 
Control 
(N = 12) 
M 0.83 22.42 4.25 9.17 
SD 0.58 12.20 2.14 4.58 
Experimental 
(N = 12) 
M 1.33 47.92 7.50 18.92 
SD 0.49 23.38 2.11 8.25 
BL 1 
Control 
(N = 24) 
M 0.61 21.90 3.13 8.55 
SD 0.50 22.32 1.80 7.81 
Experimental 
(N = 24) 
M 3.34 56.60 4.45 21.46 
SD 1.24 18.26 1.78 6.75 
OH 2 
Control 
(N = 12) 
M 0.75 18.75 4.02 7.83 
SD 0.87 8.53 2.13 3.46 
Experimental 
(N = 12) 
M 3.50 68.60 9.50 27.20 
SD 0.71 35.47 2.07 12.13 
OH 1 
Control 
(N = 12) 
M 0.50 11.42 3.50 5.14 
SD 0.80 5.55 1.09 1.88 
Experimental 
(N = 12) 
M 3.33 71.58 8.92 27.94 
SD 0.78 20.04 3.32 6.37 
NC 2 
Control 
(N = 12) 
M 0.83 45.75 4.08 13.44 
SD 1.11 24.18 2.23 5.35 
Experimental 
(N = 12) 
M 2.50 80.67 16.00 33.06 
SD 1.68 22.49 5.34 8.05 
NC 1 
Control 
(N = 12) 
M 0.75 45.75 3.92 16.81 
SD 0.97 24.18 1.83 8.10 
Experimental 
(N = 12) 
M 2.25 95.25 16.00 37.83 
SD 0.87 15.73 4.13 6.40 
Total  
Control 
(N = 96)  
M 0.61 25.96 3.84 10.13 
SD 0.69 14.76 1.96 5.32 
Experimental 
(N = 96) 
M 2.58 66.85 10.04 26.45 
SD 0.97 22.68 3.30 8.19 
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